Currently available techniques for the separation and characterization of different glycerolipids are complicated and/or time consuming. By modulating the stationary phase in a solid-phase extraction (SPE) manifold, efficient and rapid separation of plant membrane lipids was achieved. T h e glycerolipids from rice and maize tissues were separated into seven classes (monogalactosyldiacylglycerol, digalactosyldiacylglycerol, phosphatidylethanolamine, phosphatidylcholine, sulphoquino\~osyldiac~~lglycerol, phosphatidylinositol and phosphatidylglycerol). T h e pigments present in the rice and maize leaves and rice stems were successfully removed from the total lipid extracts. Pigment-free plant tissue (rice roots) was also analysed. T h e fatty acid profile of each lipid class isolated by SPE agreed well with those obtained by other separation techniques. T h e recovery of glycerolipids was at least 87 '(, .
Introduction
Currently, the most powerful tool for lipid separation, identification and quantification is HPLC. In our current research ( I . Rizov unpublished work) a solid-phase extraction (SPE) manifold has been developed for simple, rapid and reliable semi-preparative separation of plant membrane lipids. T h e partial [1, 2] or complete [3, 4] separation of a broad variety of lipid mixtures, from microbial sources [l], neural tissue [2] , serum [3] and wheat flour [4] , has been reported using SPE. T h e major problem encountered in the separation of plant membrane lipids is the coelution of glyceroglycolipids with glycerophospholipids. By modulating the stationary phase in the SPE manifold from aminopropyl/silica gel to silica gel/aminopropyl (a weak anion exchanger), glycerolipids were fully separated into seven classes :
Reported here are data of glycerolipid screening in rice plant tissues (leaves, leaf stems and roots) and maize leaves. T h e effectiveness of the SPE method proposed was examined by comparison with the results obtained using other separation techniques [S-71.
Experimental
Rice seedlings (Oriza satizw L., var. Indica) were cultivated in a growth chamber (E. Crisagis, Athens, Greece). At the tillering stage, leaves, leaf stems and roots were collected from individual plants. ' perimental field (John Innes Centre, Norwich, Norfolk, UK).
T o begin the separation process, an SPE manifold was constructed with aminopropyl (500 mg) and silica gel (1000 mg) glass columns (Macherey-Nagel, Duren, Germany). T h e elution of individual lipid classes was achieved using the following elution systems: M G D G with n-hexane/chloroform/tetrahydrofuran (THF)/ acetonitrile/propan-2-ol/acetic acid (45/5/10/ 10/40/0.2, by vol., at 4 "C); PE with n-hexanel chloroform/ T H F/ ace toni t rile/ p ropan -2 -01 / acetic acid (33/5/10/10/52/0.1, by vol.); PG with n-hexane/chloroform/THF/acetonitrile/ propan-2-ol/methanol (2/1/2/2/15/4, by vol.) and D G D G with acetone/propan-2-ol/methanol (3/6/10, by vol.) .
For the next stage of separation, a silica-gel stationary phase was combined with aminopropyl, a weak anion exchanger. SQDG was separated from total lipid extract using chloroform/acetonitrile/ propan-2-0l/methanol/O. 1 M ammonium acetate (2/2/6/10/1, by vol.); PC with chloroform/ acetonitrile/propan-2-ol/methanol/O.l M ammonium acetate (1/1/2/5/1, by vol.) and PI with chloroform/acetonitrile/propan-2-ol/methanol/O.l M ammonium acetate (2/2/2/10/3, by vol.). T h e quantification of separated plant lipids was carried out by measuring absorbances at 205 nm using an H P 8452A diode-array spectrophotometer and by comparing with calibration curves of lipid standards (Larodan AB, Malmo, Sweden).
T h e removal of pigments preceded lipid separation by elution with chloroform/acetone (4/1, by vol., at 4 "C) from an aminopropyl glass column.
T h e fatty acid profiles of the isolated glycerolipids after acid transmethylation were determined using an H P 5890 gas chromatograph equipped 
Results and discussion
The glycerolipids from rice and maize leaves have been previously studied by T L C preceded by partial separation using column chromatography [5-71. We have found no previously published data concerning the glycerolipid profiles of rice leaf stems and roots. T h e results produced using the proposed SPE method are presented in Table 1 . (Table 1) are also very similar to those described by Torijama et al. [7] . T h e glyceroglycolipid contents determined in rice leaves showed differences that are most probably due to the use of tissues at distinct developmental stages in the two studies. In our case we used leaves at the tillering stage, while in the previous report [7] , mature leaves were used. T h e fatty acid profiles of the individual glycerolipid classes (Table 1) were studied in order to examine the possibility of lipid modification during the separation process. T h e individual lipid classes isolated from maize leaves by Torijama et al. [7] and by SPE (Table 1 ) demonstrated similar fatty acid profiles. T h e fatty acid compositions of rice-leaf glycerolipids reported here (Table 1 ) and in [7] showed differences in linolenic acid contents.
T h e reason for this discrepancy is again probably due to differences in development in the tissues examined.
T h e total fatty acid content presented in Table 1 was calculated as the sum of the fatty acid contents in each individual lipid class. T h e close agreement of these calculated fatty acid levels in maize and rice leaves with the directly determined total fatty acid contents by Harwood [8] and Torijama et al. [7] for maize leaves and by Torijama et al. [7] and Bertin et al. [9] for rice leaves strongly indicates that during SPE, lipid modification or loss does not occur.
Thus the proposed method using SPE provides a means to determine reliably plant lipids in a faster and more straightforward manner than has been described preyiously.
